The homogeneity of fertilizer samples for interlaboratory γ-ray spectrometry comparison was tested by determination of the total γ count rate and the count rates for two Ra line. Homogeneity testing was accomplished by determination of the minimum, maximum, mean and standard deviation for each parameter and comparison of their standard deviations with predefined tolerances, by Cochran's test, and by a one-way ANOVA. The standard deviations were all less than these tolerances. All samples passed Cochran's test and the one-way ANOVA test for homogeneity.
Introduction
Interlaboratory comparisons are widely used for laboratory performance evaluation and are obligatory for accredited laboratories. The results can confirm that the laboratory consistently produces reliable data. The usual format is based on blind test sample distribution to the participant laboratories, which analyze the material and return their results. The provider converts these into scores reflecting the laboratories' performance.
Materials prepared for these tests are usually heterogeneous, despite the best efforts to ensure homogeneity. When the material is split the units produced vary slightly in composition. "Sufficient homogeneity" in such materials means that this variation (the sampling standard deviation) is negligible compared to the measurement variation. Appropriate statistical techniques should be used to evaluate homogeneity testing data. One suitable approach is the International Harmonized Protocol for the Proficiency Testing of (Chemical) Analytical Laboratories, cooperatively produced by ISO and IUPAC [1] .
The Serbian accreditation body organized an interlaboratory comparison of fertilizer γ spectrometry. The test samples were prepared and checked for homogeneity in the Department of Radiation Protection and Environmental Monitoring, Vinča Institute of Nuclear Sciences.
Experimental Procedure
Bulk fertilizer (10 kg) was obtained from the producer. Samples (m=7; 1160.4-1161.4 g) were randomly taken from the bulk. Each was homogenized and divided into two subsamples (each 580.2-580.7 g), giving 14 subsamples for homogeneity measurements. The samples were placed in 0.5 L polypropylene Marinelli beakers.
The γ spectrum of each sample was measured once. A high-purity germanium detector system was used by a standard method (t=3600 s) [2] . After background subtraction the spectra were analyzed using the VMS Standard Peak Search of the GENIE2000 software package. This algorithm locates the peaks and calculates the net count by fitting the best Gaussian [3] .
Between-sample homogeneity was tested by determining the total γ counting rate and the count rate for two Ra common line (186 keV). The system reproducibility was tested by repeated measurements of one sample without moving it. To test the measurement stability, one of the first group of 7 samples was randomly chosen and measured twice consecutively. One from the second group was measured 3 times consecutively.
These results are shown in Table 1 . Homogeneity and stability were examined from the means and relative standard deviations by (1) comparisons with predefined tolerances, (2) Cochran′s test [1, 4] , and (3) a one-way ANOVA test [5, 6] .
After testing all the samples were mixed together and 3 final test samples (1216-1216.9 g) were removed. These were placed in 1 liter polypropylene Marinelli beakers and measured as above (Table 9 ). Due to the small number of samples Cochran's test was not applied.
Comparing standard deviation with maximum tolerance
The minimum, maximum, mean and relative standard deviation for each parameter were determined. The relative standard deviations were compared to the predefined 10 % tolerance for the total count rate and all radionuclides exept 238 U, which was 15 %. The tolerances were half the acceptable precision limits in the IAEA Proficiency test [7] .
Cochran test procedure for duplicate results
The difference, D i , of each pair of duplicates, for i = 1, ..., m and the sum of squares S DD of the m differences is:
Cochran's test statistic is the ratio of D 2 max , the largest squared difference, to this sum of squared differences:
The critical C value at the 95% confidence level for m=7 duplicates is 0.727.
One-way ANOVA test
ANOVA (Analysis Of VAriance) is used to analyze the differences between group means [5, 6] . The one-way analysis of variance tests the claim that two or more population means are equal, i.e. the null hypothesis is that two group means are equal.
Between Sums of Squares (BSS) is (for 2 groups of n samples):
Within Sum of Squares (WSS) is:
The F ratio is:
The critical F value for two groups is 4.74 at the 95% confidence level.
Results and Discussion
Measurements for all samples (two groups, 14 samples in total) were made once, except one chosen randomly from the first group of samples which was measured twice consecutively and one from the second group, which was measured 3 times. These subsequent measurements were perfomed in order to prove the stability of the measurement system. The mass of each sample varied between 580.2 g and 580.7 g. The count rates for the certain γ lines the total spectrum count rate, the minimum, maximum, mean and standard deviation for each parameter and each group of samples are presented in Table 1 . The observed relative standard deviations (Table 1 ) for all count rates are much lower than the predefined tolerances, exept for 238 U (1001 KeV), which was 13% -slightly less than the predefined tolerance -15%.
The results obtained by applying Cochran′s test are presented in Tables 2-6. The count rates for the certain γ lines measured for the first (X i1 ) and the second group of samples (X i2 ), as well as the difference (D i ) between each pair of duplicates; the sum of squares (S DD ) of the m differences, and critical values for the Cochran test statistic for duplicates are presented in Tables 2-5. In Table  6 similar results for total spectrum of counting rates are presented.
Samples measured without moving generally gave much smaller relative standard deviations in count rates, demonstrating good system reproducibility.
The results obtained by applying ANOVA test are presented in Tables 7 and 8 . The count rates for the certain γ lines, for the first (X i1 ) and the second group of samples (X i2 ); squared and summarized values, variation between groups and within groups, F values and critical value are listed. The 186 keV and 1461 keV lines passed the one-way ANOVA tests. The other lines and total count rate also passed (not shown).
After testing all samples were combined, 3 samples were prepared from the resulted bulk sample. The mass of each sample varied between 1216.0 g and 1216.9 g. The count rates for the certain γ lines and the total spectrum, the minimum, maximum, mean and standard deviation for each parameter are presented in Table 9 . Due to the small number of samples Cochran's test was not applied to this group. The samples were homogenous.
Conclusions
Between-sample homogeneity was tested by the determination of total count rate and the count rates for two The measurement reproducibility was very good and the samples' relative standard deviations were less than the predefined tolerances. The samples' relative standard deviations were similar to the method repeatability relative standard deviation, demonstrating satisfactory sample homogeneity. All samples passed both Cochran's and the one-way ANOVA tests for homogeneity. After the homogeneity testing, the final 3 test samples were sent to the accreditation body of Serbia for distribution to participants in the fertilizer γ-ray spectrometry interlaboratory comparison. 
